Purpose: To study the effect of Ginkgo biloba preparation on senile dementia and the mechanism of its action. 
INTRODUCTION
Senile dementia has become a global public health concern, especially with the advent of aging societies. Alzheimer's disease (AD), the most common type of senile dementia, is a neurodegenerative disease characterized by comprehensive decline in cognitive function, disorders in mental behavior, and ultimately loss of capacity for performing functions associated with daily living. The disease is of sudden onset, but becomes progressively aggravated [1] . It has poor prognosis, and due to poor understanding of its pathogenesis, it has no cure yet. Thus, effective management of the disease requires the elucidation of its pathogenesis as well as timely intervention. Traditional Chinese Medicine (TCM) plays an increasing important role in the treatment of AD, due to its multiple targets. Studies have indicated that TCM has a promising prospect in AD treatment.
Ginkgo biloba preparation is used for the prevention and treatment of cerebrovascular diseases. It is also used for the improvement of cognitive function in senile dementia patients. The aim of the present study was to investigate the mechanism through which Ginkgo biloba inhibits neuro-inflammatory responses. In addition, the mechanism involved in the prevention and treatment of senile dementia by Ginkgo biloba was studied.
EXPERIMENTAL Instruments, drugs and reagents
Millipore supplied the PVDF membrane used in this study, while ECL luminescent liquid was purchased from Thermo Fisher. Enhanced BCA protein concentration assay kit was product of Biyuntian.
Morris Water Maze was purchased from Shanghai Jiliang Software Technology, JLBEHN-MWMG; SDS-PAGE Electrophoresis equipment and Wet Transfer Tester were products of BioRad, while Tanon Imaging System and Multiskan MK3 Instrument were products of Tanon and Thermo, respectively.
Establishment of chronic cerebral hypoperfusion model
Sprague Dawley (SD) rats were anesthetized and the bilateral common carotid arteries were isolated. The distal and proximal ends of the arteries were ligated separately and cut from the middle to ensure blockage of blood flow. The anal temperature of the rats was maintained at 36.5 -37.5 °C during the operation. After the operation, the rats were sent to a ventilated and air-conditioned animal house where changes in their behavior were carefully monitored. This research was approved by the Animal Ethical Committee of Nanjing Medical University (approval no. 20176271) and conducted according to the guidelines of "Principles of Laboratory Animal Care" (NIH publication no. 85-23, revised 1985) [2] .
Animal grouping and treatment
The rats were randomly divided into normal control group, reference group and Ginkgo biloba treatment group (6 rats per group). The normal control group did not receive any treatment. In the Ginkgo biloba treatment group, the rats were administered Ginkgo biloba preparation via intragastric route 4 h after the operation, and then at 7:30 am every day at a dose of 100 mg/kg per day (0.5 mL/100 g, per day) for 28 days. Assessments were carried out on days 1, 7, 14 and 28.
Animal model evaluation criteria and testing methods
The Garcia composite score (Table 1 ) was used to evaluate the extent of recovery of neurological function in the postoperative rats at the various time points. 
Morris water maze for assessing learning and memory in rats
The Morris water maze consisted of a circular pool of diameter 120 cm and height 60 cm. It contained a platform of 50 cm and diameter of 10 cm, which was 0.5 to 1 cm below the water surface. The water temperature was 22 ± 1 °C. A camera with a display system was placed above the maze. A computer automatically tracked the timing, and simultaneously recorded the swimming trajectory of the rats. Twenty-four hours to the test, each group of rats was allowed to swim freely from the four quadrants of the pool for 120 s, to adapt to the water temperature and environment. Rats with difficulties in swimming were identified and removed. Each group of rats were tested every morning. The positioning navigation test was first carried out for a total of four days. During the test, a hidden platform was placed in the fourth quadrant, and the rats were placed in the pool from the four quadrants facing the pool wall with a water interval of 40 s.
The time taken for a rat to find and climb the hidden platform in the fourth quadrant was recorded as the escape latency. The observation time was 60 s, and if the rat was unable to locate the platform within 60 s, it was led to the platform and placed there for 40 s, and its escape latency was recorded as 60 s.
Space search experiment
The platform was removed on the fifth day, but the experimental procedure was the same as before. The point of placement of the rats was randomly selected. The search time of the rat in the quadrant of the original platform within 60 s, the ratio of the distance to the fourth quadrant to the total distance, and the number of times the platform was crossed, were recorded. During the test, all the items around the pool, and the experimenter's location were fixed.
Collection and fixation of specimens
Blood (2 mL) samples were collected through cardiac puncture from each rat. The blood samples were kept at room temperature for 3 h and centrifuged at 3000 rpm for 15 min. The serum samples obtained were kept at -70 °C for use in ELISA. Three rats in each group were perfused with normal saline at ascending aorta, and then the brains were excised for removal of the olfactory lobe, cerebellum and low brain stem. One side of the cerebral hemisphere was placed in an ice bath and homogenized. The homogenate was centrifuged at 3000 rpm at 4 °C for 15 min, and the supernatant was taken and stored at -80 °C for Western blot assays. The other 3 rats were perfused with normal saline, and thereafter with 4 % paraformaldehyde at 4 °C. Their brains were excised and placed in formalin for 48 h for routine processing into paraffin sections for light microscopy. The normal control group and reference group were treated the same way.
Determination of protein changes by western blot
The rat brain tissue sample was excised and homogenized to extract total protein, and BCA protein quantification kit was used to quantify the protein. First, electrophoresis (SDS-PAGE) was carried out with separating gel and concentrated gel. Then, the separated proteins were transferred to PVDF membrane, and blocked with 5 % skim milk powder for 1 h at room temperature, washed 3 times with TBST for 10 min, and incubated at 4 °C with primary antibody overnight. Thereafter, it was washed thrice with TBST, each wash for 10 min. Then, the diluted secondary antibody was added. After 2 h, it was again washed thrice with TBST, each wash for 10 min. The protein bands were detected by using chemiluminescence kits (Thermo ECL) according to the kit instructions, and photographed using Tanon imager.
Assay of serum inflammatory factors IL1, IL6 and TNF
Blood was collected from the rats and placed in pro-coagulant collection tubes at room temperature for 2 h, and centrifuged at 3000 rpm for 20 min. Serum levels of IL1, IL6 and TNF were determined using ELISA kits and following the manufacturer protocol.
Statistical analysis
The data were statistically analyzed with software SPSS version 18.0. Each parameter was expressed as mean ± SD. One-way analysis of variance (ANOVA) was used for data comparison between groups, while LSD t-test was used for intra-group comparisons. Spearman correlation test was used for correlation analysis. Values of p < 0.05 were assumed statistically significant.
RESULTS

Neurological function scores
The Garcia composite scores and the experimental results are shown in Table 2 . The neurological function of SD rats was significantly impaired by the blockage of bilateral common carotid blood flow. However, the neurological function was gradually recovered as a result of treatment with Ginkgo biloba preparation within the intervention periods (Figure 1 ). 
Rat spatial memory learning function
Morris water maze trajectory at different time points in the control group and Ginkgo biloba preparation intervention group are shown in Figure 2 . The Ginkgo biloba intervention significantly shortened the escape latency in the hypoperfusion model rats ( Table 3 ).
The results on Table 4 show that the mean swimming distance for rats in the reference group was significantly longer than the mean swimming distance of rats in the normal control group.
The number of times the platform was crossed also increased with time after administration of Ginkgo biloba (Table 5 ). The swimming speeds of rats in the three groups were comparable, as shown in Table 6 . There were no significant differences between the groups.
Expressions of BACE1, TRP1 and RAGE in rat brain tissue
The effect of Ginkgo biloba on the expressions of BACE1, TRP1 and RAGE proteins in the brain tissues of the hypoperfusion rats are shown in Figure 3 . Gray value analysis of BACE1 ( Figure  4 ), TRP1 ( Figure 5 ), and RAGE ( Figure 6 ) indicate that these proteins were significantly higher in the chronic cerebral hypoperfusion model rats than in the control group. However, intervention with Ginkgo biloba preparation led to a gradual reduction in their levels with time.
Serum levels of IL-1, IL-6, and TNF
Serum IL-1, IL-6, and TNF at different time points in the control group and Ginkgo biloba preparation intervention group are shown in Figures 7. These indicators were significantly higher than their corresponding values in the control group, but became gradually decreased with time after intervention with Ginkgo biloba preparation.
DISCUSSION
Alzheimer's disease poses serious harm to human health. Increasing evidence suggest that immuno-inflammatory mechanisms may play important roles in the pathogenesis of AD.
Researchers have identified the inflammatory processes associated with senile plaques (SP) and neurofibrillary tangles (NFT) as the main features of AD [3] . Studies have suggested that microglia inflammatory response to Aβ deposition is the core mechanism involved in the pathogenesis of AD, which is closely related to the neuronal degeneration [4, 5] .
In this study, the AD model of chronic cerebral hypoperfusion was established by blocking bilateral common carotid artery blood flow so as to verify the effects of BACE1, RAGE, TRP1 and inflammatory factors IL-1, IL-6, and TNF. The results showed that in the chronic cerebral hypoperfusion reference group, these indicators were significantly increased, indicating that inflammatory response and mediators played an important role in the development of AD. Previous studies have shown that reductions in ischemia or cerebral blood flow may constitute early events that cause increases in BACE1 expression and activity, which in turn lead to increased Aβ levels [6] [7] [8] .
The production of IL-1 by microglia is the starting point in the stimulation of Aβ. In addition to upregulating the expression of other cytokines by microglia or astrocytes, IL-1 induces the formation of complements, acute phase proteins, oxygen free radicals, NO, and β-APP. These act on glial cells or neurons, promoting the production of other inflammatory molecules and continuous increase in inflammatory products, with impact on nerve growth, neural plasticity, neuronal damage and degeneration [9] .
It is known that TNF-α is the main substance that activates the cytokine cascade in the inflammatory responses. It acts directly on astrocytes and oligodendrocytes, causing damage to myelin and oligodendrocytes and even apoptosis, which in turn has a greater cytotoxic effect than TNF-α [10] . The TLRmediated signaling leads to the activation of innate immune cells, and the expression and secretion of a variety of pro-inflammatory cytokines such as tumor necrosis factor (TNF-α), interleukin IL-12 and IL-6. Studies have suggested that overexpression and release of IL-1β initiates inflammatory injury [11] . Moreover, IL-6 and TNF-α, in synergy with IL-1β, induce the production of other cytokines, and interact with Aβ to form a vicious circle which promotes the onset of AD [12, 13] .
The pathogenesis of AD can also be accelerated by IL-6, a cytokine with various biological functions. It has been reported high levels of IL-6 in the brain are implicated in the pathogenesis of neuronal degeneration in transgenic mice, and may affect learning and memory in the pathway involved in the formation of memory blots [14] . Therefore, the results showing induction of neuronal injury by the cascade of inflammatory cytokines are consistent with the results obtained in the chronic cerebral hypoperfusion reference group. Thus, vascular factors may be some of the inflammation mechanisms involved in the development of AD.
Ginkgo biloba has received the attention of the worldwide medical community for the special effects of its active ingredients on the prevention and treatment of diseases such as cardiovascular and cerebrovascular diseases. It contains unique flavonoids, terpenes and ginkgolic acids that cause allergic reactions. It causes the dilation of coronary vessels and cerebrovascular vessels, thereby improving microcirculation, promoting metabolism of heart and brain tissue, and protecting nerve cells. It can also specifically antagonize PAF, reduce platelet aggregation, improve blood rheology, scavenge free radicals, and inhibit cell membrane lipid peroxidation and oxidative modification of low-density lipoproteins.
Long-term clinical studies have also found that ginkgo leaf preparations can improve cognitive function in patients with vascular dementia [15] . Based on the latter, the present study was conducted to investigate the effects of Ginkgo biloba preparation on the recovery of neurological deficits, BACE1, RAGE, TRP1, IL-1, IL-6, and TNF in a rat model of chronic cerebral hypoperfusion. This was with a view to determining the mechanism involved in the beneficial effects of Ginkgo biloba preparations in the treatment of AD.
The results showed that Ginkgo biloba preparation improved spatial and dementia memory of rats. There were gradual decreases in BACE1, RAGE, TRP1, IL-1, IL-6 and TNF after administration of Ginkgo biloba preparation in dementia rats, leading to recovery of neurological function. Based on these results, it can be speculated that Ginkgo biloba improves microcirculation by expanding cerebral vasculature. This effectively inhibits the expression of inflammatory factors, and reduces inflammatory damage to neurons, thereby improving the spatial exploration memory ability of dementia rats. This is beneficial in the treatment of AD.
CONCLUSION
Vascular factors participate in the pathogenesis of AD through inflammatory mechanisms. There is currently no definite and effective treatment for AD, but more and more studies favor the inhibition of the AD-associated inflammatory responses with drugs so as to protect the neurons. The results obtained in this study indicate that Ginkgo biloba preparation improves microcirculation, inhibits the expression of inflammatory factors, and reduces inflammatory damage to neurons, thereby improving the spatial exploration memory of dementia rats. Thus, it has a good potential for development for the management of AD.
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